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@ Comparison

Suprime-Cam
Field of View 0.5 deg
No. of CCDs 10

Inst. Img Qlty 0".33
First Light 1999

HSC
1.5 deg
116
0".35
2012
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@ Comparison

HSC Pan-STARRS DES LSST

Aperture [m] 8.2 1.8 40 6.5(eq)
Survey Speed o1 13.4 37 329
Inst. Img Qlty  0".35 ~0".6 ~0".6 ?
First Light 2012 2009 2012 (2019)
Lead Country JP US US US
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s CCD

Collaboration with Hamamatsu since 1994

e 2k4k 151m
e Fully depleted CCD
e High resistivity Si
e >10 k2 (n type)
e 200 tm thick
e (can be ~ 300 ym)
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@ Pk Fully Depleted CCD

2048 (512x4)

. Image Area fé

(15umx15umx2048x2112) S CCD Structure Full Frame Transfer
Si Thickness 200 pm (Can be 100 ~ 300 pm)
Vertical clock phase 3 phases
Horizontal clock phase 2 phases or 4 phases
Output Amprilfiers 4 one stage MOSFET on chip

and one J-FET on the package

Package Material Aluminum Nitride

| Storage Area §

| (15umx15umx2048x2064 S

~14. 5umx15umx2048x48) N
E [ [ il ;C?
ol s, o

Timing 1
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Package

PG A Sockets
Advanced Interconnections
KS-77059-111TG

Connector
AirBorn
NM-222-065-225-TH00
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@ Package

CCD chip

Low viscosity epoxy

| o
# ¢Cb base
Printed epoxy

I I \ resin adhesive

Pin base
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Pin Base

. Fit tolerance ~ 40 ym
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Package Structure
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Mounting CCDs
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_ Mounting CCDs
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@ Flatness of the Focal Plane
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Red contour: DeliverediPSF under 0.4 arcsec seeing NAOJ/HSC






Final Check: Amplifier, SG
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Backside ...

NAOJ/HSC



@ Electronics Connection

A
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Electronics Arrays
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@ Official Drawing ...
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DAC

CCD Clocking
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Figure 6.27: Clock Driver Circuit
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@ CCD Read Out

CCD I : ADC

e S—V N
|1 1 AD7686

OPA 627

Figure 1.4: Pre-amplifire and CDS circuit

Integration Type
CDS

~ 150 kpix/sec =
15 sec readout
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@ FEE arrangement in Dewar
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@ Backend Electronics (BEE)

CCD,

clock/bias
<€

BEE

>
output

< >
Gigabit Ethernet SiTCP CMC board for Astronomy
FEE GESIiCA DAQ
(CDS&ADC) System
Readout
< Controller
SiTCP |d—> X2
Frame
/\\>_Memory
AD conversion data. .
Linux WS

Readout time:
CCD Clocking ~ 15 sec

+ transfer/save to RAID 13 sec
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@ Linearity

Error [%] Mfront2/FDCCD Nonlinearity
: BI2-03-1K—2
i Sv4 6uV ke
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[ Lab. measurement
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| Electronics
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29 NAOJ/HSC

Count [e]



+0.5 YA

-0.5 %

HSC Electronics

Reisudal x 100 %

0.01

0.005

-0.005

-0.01

Linearity

______________________________________________

Lab. measurement

30

0 50000 ElefbERIbee] 1500*)0000

FW

NAOJ/HSC



@ Linearity Measurement on Telescope

From flat images with different exposure T

1.004;
1.003
1.002
1.001}-7
1.000

0.999
3 0.998 _ _
0997} ......... A ................ ....... - =§.1.+ “2.268-07;%_{'4-' -2‘.088-'1'32 'xf")' ...........

0.996 5000 10000 15000 _ 20000 _ 25000 _ 30000 _ 33000

Measured Flux [ADU] f

somehow harsh results .. ~70 % FW
but P-V <~ 0.5 %

pect./Meas.
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@ righter Fatter Effect
HPK
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Photon Transfer Curve : SDOID 1_46
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( hisc PSF Evaluation

object=SSP-Wide filter=HSC-i exptime=200.0 alt=69.83 inr=5.5 hst=02:22:02.214 (corrected)l lSC— l 2 OO Sec

# FWHM (arcsec) (FWHM)0.45" visit=1254
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Very Sharp Image Realized as desighed
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Seeing [arcsec]

HSC Project
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HSC Project
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Hyper Suprime—Cam A = 0.76 um (i—band)
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PSF Evaluation

Elliptici

Ellipticity
—
Q)

-
[N

* * * % *
% % o XE «n& *, b
L ¥ * 0 # * Lk
: I S T <
¥ * *
* wik - *k ¥y F00 WEE
* f:; £ s on WE 2 £# 4. H*x
W * P ook o 2 % * P
[ y # * *“*J’*t ¥ ¢ &’: oy i *a M ey ¥
*, *
Ok Ko # * M ¥ L B at L2 . e a0 T ‘\rfﬂ; £ s *
2 N A =LK afeyT o m * 5 Pl A %% o ¥ A
* R, W . £ e W gk Wkt Y w S e KO
— # 5 %0 * ¥ * kA “ w3 3 TP R A R Tt LS. * R O gk
. L I AR F LW P W Eai-L U PR B N PSR | *
il ] #* *aoo Fa¥e ¥ *t o * P % *
* * * * *
* BT Ct it SR e g‘;‘**}*"’:‘*g L R N S
— b * S ¥ * e * * %
* * i P * r s A * - P R Rk o 3 + *
* * & x L TTE gt *oXW o gawt ¥ SplE e P *r";i" R Tt *
» * ¥ § R op SO i3 %, *% ok *0 gl ok Koy * * * * % *
W % HOE) TX -4 P LA . 1 PR | » » L o*
O | | # L | nh TE ® o | T ok i | | | = | | | |

Radius [arcmin]

PFU Tilt: 30"

Calculation

HSC Project Miyazaki



The survey began last February.
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s Survey Mode Observation
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dec

Step and Point multiple exposures

Example to cover ~ 20 deg”2
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( hisc GAMA Field
2014/3/27 2:20 - 5:20 am

0''.45-0"".55 over ~ 20 deg”2



@ The Highest Peak on GAMA




@ Conclusion

e HSC up and running
e Steady Operation since Feb 2014
* Natural seeing limited imaging mostly

e 30 sec dead time (inc. readout/save to disk/
pointing change/qguide star acquisition)

e Sufficient for most of observers

e But, need more understandings of our
instruments to realize high precision
measurements
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